Determinants of renal damage in rats with systemic hypertension and partial renal ablation  by Tapia, Edilia et al.
Kidney International, Vol. 38 (1990), pp. 642—648
Determinants of renal damage in rats with systemic
hypertension and partial renal ablation
EDILIA TAPIA, FRANCIS B. GABBAI, CONSUELO CALLEJA, MARTHA FRANCO,
JosE L. CERMErO, NORMA A. BOBADILLA, JosE M. PEREZ, JUAN A. ALVARADO,
and JAIME HERRERA-ACOSTA
Departments of Nephrology and Pathology, Instituto Nacional de Cardiologia, 'ignacio Chavez," Mexico City, Mexico
The mechanism responsible for the progression of renal
disease to end—stage renal failure has been evaluated in different
experimental models. Studies in rats with subtotal renal abla-
tion [1], streptozotocin-induced diabetes mellitus 121, and some
forms of experimental hypertension [3, 4] have suggested that
increased glomerular capillary pressure and flow play a major
role in the development of lesions that are ultimately responsi-
ble for the sclerosis of glomeruli and loss of kidney function.
Further evidence for the role of hyperfiltration in the progres-
sion of kidney disease has been provided by the effect of dietary
[1, 5] and pharmacologic manipulations [&-l 1]. Both manipula-
tions are effective in preventing hyperfiltration, arresting gb-
merular damage, and preserving morphology.
The models of progressive renal damage previously men-
tioned share in common the presence of gbomerular hyperten-
sion and glomerular hyperperfusion. Although these two alter-
ations are present simultaneously in these models, the specific
role of each one of them, that is, glomerular hypertension and
hyperperfusion, is difficult to define. It is possible that each one
of these hemodynamic alterations may be capable of inducing
glomerular damage, or only one of them could be the critical
factor.
This study was designed to evaluate the role of glomerular
hypertension and glornerular hyperperfusion in the develop-
ment of glomerular structural damage in rats with partial
ablation with and without systemic hypertension. Elevation of
glomerular capillary flow was induced by partial ablation of one
kidney, whereas increased glomerular capillary pressure was
achieved by systemic hypertension produced by clipping the
renal artery of the non-ablated kidney. Our results demonstrate
that significant increases in single nephron glomerular filtration
rate and blood flow alone do not produce histological changes
however, when elevated intracapillary pressure and increased
glomerular volume are superimposed severe structural damage
becomes apparent, suggesting that the resulting elevation of
capillary wall tension may play a critical role in the develop-
ment of morphological alterations in this experimental model.
Methods
Production of the experimental model
Three groups of male Wistar rats with an initial weight of 150
g were evaluated. Group I included 13 normal unmanipulated
rats serving as controls, 13 rats with partial left renal ablation
constituted group II, and 12 rats with left renal ablation and
systemic hypertension induced by clipping the right renal artery
formed group III. Eight rats in group I, seven rats in group II
and six rats in group III underwent micropuncture studies. The
remaining animals of each group were used for metabolic cage
studies.
Renal ablation was induced, under ether anesthesia, by
ligating two or three branches of the left renal artery. This
procedure was associated with necrosis of approximately two-
thirds of the left kidney. In the hypertensive group, a 0.2 mm
slit width silver clip was placed on the right renal artery. After
this surgical procedure rats were maintained on standard rat
chow and water ad libitum for a period of 60 to 75 days.
To monitor the changes in blood pressure, an electrosphyg-
momanometer with tail cuff, pulse transducer and heated re-
straining cages (Narco Biosystems, Houston, Texas, USA) was
used to measure awake systolic blood pressure before surgery
and monthly thereafter.
Sixty days after the surgical procedure, urinary protein
excretion was measured. For this, 24-hour urine samples were
collected in metabolic cages.
Micropuncture studies
Sixty to seventy-five days after surgery, rats underwent
micropuncture studies on the left (partially ablated) kidney.
Rats were anesthetized with Inactin (50 mg/kg i.p.) and surgi-
cally prepared according to standard protocols. Briefly, follow-
ing placement of a tracheostomy, both jugular veins, femoral
arteries and bladder were catheterized with PE-50 tubing, the
left kidney was exposed through a midline incision and placed
in a lucite holder after gently dissecting the surrounding tissues
and the renal capsule. The lucite cup surrounding the kidney
was covered with an elastomer (Xantopren, Bayer) and the
surface covered with Ringer's solution. One of the femoral
artery catheters was used for periodic blood sampling and the
other for monitoring mean arterial pressure (MAP) with a
transducer (Model P23db, Statham Instruments, Gould Divi-© 1990 by the International Society of Nephrology
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sion Inc. Hato Rey, Puerto Rico) and recorded on a Grass
Polygraph (Grass Instruments, Quincy, Massachusetts, USA).
Sampling blood was simultaneously replaced by an equal vol-
ume of blood obtained from a rat littermate, exsanguinated in
the morning of each experiment.
The volume status of each rat during micropuncture was
maintained using an euvolemic protocol, by infusing 1% body
weight donor plasma over one hour period. Rats also received
an infusion of Ringer's solution containing 3% inulin at a rate of
2.2 ml/hr for one hour period to, and throughout the micropunc-
ture period. After the inulin and plasma had been infused for
one hour, measurements of hydrostatic pressure in efferent
arterioles (HPE), and tubules, both in free flow (FF) and stop
flow conditions (SFP), were obtained with a servo-nulling
device with 5 to 7 .tm tip pipettes. For stop flow measurements.
an oil block was placed in the tubule using a 9 to II m tip
pipette, and maintained in stable position for at least 30 sec-
onds; the servo-null pipette was placed in the most proximal
segment of the nephron.
Efferent arteriolar protein concentration (CE) was evaluated
in samples from direct puncture (13 to 15 Lm tip pipettes) of at
least three efferent arterioles (star vessel). Afferent protein
concentration (CA) was determined from arterial blood speci-
mens obtained concurrently from the femoral artery catheter
for micro-protein analysis. To determine single nephron gb-
merular filtration rate (SNGFR), fluid was collected over a
period of three minutes after placement of an oil block from six
tubules in each animal. Timed urine samples were collected
from the bladder for determination of urinary flow rate and
inulin concentration. Urine collections were bracketed by arte-
rial blood collections in order to determine inulin concentration
and hematocrit.
At the conclusion of micropuncture measurements, the left
kidney was washed of blood elements with 0.13 M phosphate
buffer (pH 7.4) for one to two minutes. The kidney was then
fixed by perfusion at the measured arterial pressure with a
mixture of 2.5% glutaraldehyde and 4% formaldehyde in 0.13 M
phosphate buffer (pH 7.4). For this, the aorta was ligated just
below the diaphragm and both femoral catheters were used, one
to infuse the perfusate and the other to constantly verify the
perfusion pressure. The kidney was excised and then coded for
morphological studies. The pathologist was not aware of the rat
systemic blood pressure.
Morphological studies
Small pieces of the kidney processed for transmission elec-
tron microscopic studies were rinsed in buffer. posttixed in IC/
osmium tetroxide, dehydrated and embedded in Epon 812. Thin
sections (0.5 m) were stained with 10% toluidine blue in 5C/
aqueous borax. Ultrathin sections (90 to 120 nm) were stained
with 3.5% uranyl acetate and lead citrate and examined in a
Zeiss EM 10 electron microscope at 60 KV (Zeiss, Oberkochen.
FRG). The rest of the kidney processed for light microscopy
was embedded in paraffin. Sections 3 j.m in thickness were
stained with hematoxylin and eosin, periodic acid Schiff. and
Masson trichrome.
One hundred glomeruli were examined with light microscopy
in each kidney. The number of gbomeruli showing the presence
of mesangial proliferation (defined as more than 5 cells per
glomerular lobule), mesangial expansion, segmental sclerosis
(solidified area caused by a combination of collapse of the
capillaries and excess production of mesangial substance or
matrix), hemorrhagic lesions (dilated loops containing red blood
cells or red cell fragments with suffusion of the red cells into the
mesangium), and microaneurysms (segmental ballooning of
glomerular capillaries) were determined in each kidney.
The mean glomerular cross-sectional area was determined on
50 glomerular tuft profiles per rat with a HP 9874A digitizer and
its peripheral HP 9825-T (Hewlett-Packard, Fort Collins, Col-
orado. USA) at a final magnification of 400x. The gbomerular
volume (Vg) was calculated as:
Vg = 31(4. ir) (AG)312
where AG represents the mean glomerular cross-sectional area.
Analytic methods
Inulin concentration, in both plasma and urine, was deter-
mined with the macroanthrone technique of Davidson and
Sackne 1121. Volume of fluid collected from an individual
proximal tubule was estimated from the length of the fluid
column in a constant bore capillary tube of known internal
diameter. The concentration of inulin in the tubular fluid was
measured in triplicate by the microfluorescence method of
Vureck and Pegram [13]. Protein concentrations were deter-
mined in efferent arteriolar and femoral arterial blood plasma
usually in duplicate, using the fluorometric method of Viets, et
al [14].
Urinary protein concentration was measured by precipitation
with 3% sulfosalicylic acid. Turbidity was determined by mea-
suring absorbance at a wavelength of 595 nm using a Beckman
spectrophotometer.
Calculations
Single nephron gbomerular filtration rate was calculated by:
SNGFR = (TF/P), x VF
where (TF/P), and VF refer to transtubular inulin concentra-
tion ratio and tubule fluid flow rate, respectively.
Gbomerular capillary hydrostatic pressure (P0) was esti-
mated as:
GC = SFP + irA
where SFP refer to stop flow pressure, and irA to the afferent
gbomerular oncotic pressure.
The calculations of glomerutar capillary hydrostatic pressure
gradient (P), superficial single nephron filtration fraction
(SNFF). nephron plasma flow (SNPF), nephron blood flow
(SNBF). afferent arteriolar resistance (AR), and efferent arte-
riolar resistance (ER) were according to equations previously
published [15].
Oncotic pressure (ir) was determined from the protein con-
centration by the equation of Landis and Pappenheimer [16].
Since the profile of colboid osmotic pressure along the gb-
merular capillary is not linear, the ultrafiltration coefficient
(LpA). and effective filtration pressure were calculated with the
differential equation given by Blantz, under the condition of
constant hydrostatic pressure along the glomerular capillaries
117].
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Statistical analysis
All data were subjected to analysis of variance. Significance
of differences among groups were determined by unpaired
t-comparisons with Bonferroni correction [18].
Results
Figure 1 shows the time course of changes in systolic blood
pressure (SBP). Before the surgical procedure, SBP was similar
forthe three groups of rats (121 1.3, 118 2.0 and 115 2.7
mm Hg). After surgery rats with renal ablation alone (group H)
persisted normotensive 30 and 60 days (120 4.0 and 112 4.0
mm Hg, respectively), and SBP values were not different from
normal unmanipulated control rats(114 4.0 and 124 3.0 mm
Hg). In contrast, rats with renal ablation and clipping of the
right renal artery (group III) showed an important elevation in
SBP(178 lO.OmmHgonday3Oand 173 2.OmmHgonday
60).
Twenty-four hour urinary protein excretion was also very
different among groups (Fig. 2). Values for normal control rats
were 3.4 0.5 mg/24 hr; meanwhile, groups H and Ill reached
values of 8 2.5 and 18 5.0 mg/24 hr, respectively (P < 0.05
II vs. control, and 11 vs. III).
Table 1 depicts values obtained during micropuncture stud-
ies. Mean arterial pressure (MAP) was also elevated in rats of
group HI. These values were significantly higher than group 11
and normal control rats (166.4 8,1 vs. 121.3 3.5 and 106.0
5.2 mm Hg, P < 0.05), however, MAP in group II was slightly
higher than normal controls (P < 0.05).Whole kidney GFR was
significantly lower in group III (0.93 0.5 mi/mm) than in group
11(2.6 0.55 mI/mm, P < 0.05) and normal rats (2.1 0.35
mI/mm, P < 0.05). Since GFR values were obtained from
bladder collections, differences between group H and group Ill
are related basically to the decrease in renal mass in group III
due to clipping of the right renal artery. GFR values in group Ii
were higher than in normal control rats without renal ablation.
This difference, however, was not significant and was probably
related to differences in body weight which was greater in group
II; in fact, when values were corrected for body weight, GFR
Hypertension
Renal and renal
Control ablation ablation
N=8 N=7 N=6
Body wt g 294.1 19.6 378.0 14.5" 322.0 19.1
Hct vo!/100 47.0 0.5 45.2 0.6 46,3 0.5
MAP nun Hg 106.0 5.2 121.3 3.5 166.4 8.I"'
SFP mm Hg 28.0 1.4 26.1 .61 33.5 2.3"'
mm Hg 44.0 1.3 43.4 1.2 51.5 2.9""
FF mm Hg 9.7 0.7 10.1 0.7 10.4 0.5
mm Hg 34.1 1.5 33.1 1.6 41.1 28'
HPE mm Hg 9.7 0.7 11.5 0.6 11.8 0.7
CA g/l00 ml 5.0 0.2 5.3 0.2 5.3 0.2
CE g/100 ml 7.3 0.2 7.6 0.3 7.6 0.3
irA mm Hg 15.8 0.8 17.1 0.8 17.3 0.9
irE mm Hg 27.9 3.2 29.7 1.6 29.5 1.7
SNFF 0.32 0.02 .31 .01 0.30 0.01
SNGFR nI/mm 29.7 3.2 74.5 13.5" 77.3 2.9"
SNPF nI/mm 97.9 11.2 254.0 459" 258.5 10.9"
AR d,vne . sec cm5 2.7 0.6 1.59 0.24 1.9 0.13
ER dyne sec cm3 1.6 0.2 0.73 0.l5a 0.78 0.06"
LpA nI sec mm Hg 0.043 0.01 0.140 0.01" 0.078 0.01
was slightly higher in normal control rats (0.74 vs. 0.69 mI/min/
100 g body wt, NS).
Renal ablation produced a threefold increase in SNGFR in
both normotensive and hypertensive rats when compared to
values obtained in normal controls (74.5 13.5 and 77.3 2.9
vs. 29.7 3.2 nI/mm, P < 0.05). SNGFR values in groups III
and II were very similar, even when corrected for body wt (23.9
vs. 20.1 nl/min/lOO g body wt, NS).
Since both SNFF and hematocrit values were similar in all
groups of rats, calculated SNPF and SNBF were not different in
the two experimental groups (258.5 10.9 and 483.0 45.0
ni/mm in group III; 254.0 45.9 and 462.0 219.0 nI/mm in
group Ii). These values, however, were significantly higher than
in normal control rats (97.9 11.2 nI/mm and 182.9 23.4, P <
0.05). Calculated afferent and efferent resistances in groups Ii
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Fig. 1. Time sequence changes in systolic blood pressure, before the
surgical procedure and, 30 and 60 days later. Symbols are: (—Li--)
normal controls; (—0—) renal ablation; (—•—) hypertension with renal
ablation.
0
Fig. 2. Twenty-four hour urinary protein excretion 60 days after surgi-
cal procedure. Symbols are: (—0—) normal controls; (—U—) renal
ablation; (—Q—) hypertension with renal ablation.
Table 1. Glomerular hemodynamics in control, normotensive and
hypertensive rats
P < 0.05 vs. control
b p < 0.05 vs. renal ablation
Tapia et a!: Renal damage in renal ablation with hypertension 645
Table 2. Gb merular histopathological findings
Control NBP HEW
Gbomerular volume 0.47 0.04 1.37 0.13 2.23 0.35
IO m3
Mesangial expansion % 0 1.6 4.8
Hemorrhage % 0 0 0.5
Microaneurysms % 0 0 1.0
Segmental sclerosis % 0 0.2 10.7
Global sclerosis % 0 0 4.8
and III were also very similar (AR 1,59 0.24 vs. 1.9 0.13
dyne sec cm5; ER 0,73 0.15 vs. 0.78 0.01
dyne sec cm5), but lower than in normal rats (AR 2.7 0.6,
ER 1.6 0.2 dyne . sec . cm5), although only the differences
in ER were statistically significant. Afferent and efl'erent protein
concentration values and estimated oncotic pressures were
similar in all studied rats.
Although renal ablation produced a similar pattern for gb-
merular flow in both groups of rats, the presence of systemic
hypertension was associated with major differences in gbomer-
ular capillary pressures. Indeed, a 45 mm Hg increase in MBP
in group III was associated with an 8 mm Hg increase in GC
when compared to group II and normal control rats (51.5 2,9
vs. 43.4 1.2 and 44.0 1.3 mm Hg, P < 0.05). An identical
difference of 8 mm Hg was observed in P when comparing
group III versus II and normal controls (41.1 2.8 vs. 33.1
1.6 and 34.1 1.5 mm Hg, P < 0.05). Similar values of SNGFR
in the presence of major differences in glomerular pressures
were therefore associated with important differences in LpA
values which averaged 0.078 0.01 in group Ill and 0.140
0.01 nl . sec mm Hg in group II rats, although one rat in this
last group was at filtration pressure equilibrium (X P — ir1 not
different from zero) and only minimum estimate of LpA was
calculated in this rat. LpA values in normal control rats were
significantly lower than in groups with renal ablation (0.043
0.01, P < 0.05). Since LpA represents the product of hydraulic
conductivity (Lp) and filtration area (Ar, these differences are
probably related to the increment in filtration area associated
with glomerular hypertrophy induced by renal ablation. In fact,
elevated glomerular capillary flow was associated with an
increase in glomerular capillary tuft volume in both normoten-
sive and hypertensive rats with renal ablation (Table 2). Gb-
merular capillary tuft volume was 1.37 0.13 x l0 m3 in
rats with left renal ablation which was significantly different
from values obtained in normal unmanipulated rats (0.47 0.04
x l0 ILm3). Systemic hypertension was associated with
further enlargement of the capillary tuft; values in group ill rats
were as high as 2.23 0.35 x l06 (P <0.05 vs. group I
and II).
Glomerular histopathological findings are shown in Figures 3
and 4 and Table 2. Light microscopy studies revealed major
differences between the two experimental groups of rats. In 700
gbomeruli examined in rats with renal ablation, there was no
evidence of glomerular damage. In contrast in 600 glomeruli
examined in rats with hypertension and renal ablation. mesan-
gial proliferation (Fig. 3A) was present in 4.83% of the glomeruli
and was frequently associated with mesangial expansion. the
number of affected glomeruli per rat varied between 3 and I 2%,
hemorrhage and microaneurysms (Fig. 3C and D) were present
in I and 0.5%, respectively, segmental sclerosis (Fig. 3E) was
present in 10.7%, and global sclerosis in 4.83%. The number of
glomeruli with sclerosis in each rat varied between 1 and 28%.
Small arteries and arterioles from group III rats revealed
thickening of the vessel walls with concentric hyperplasia of the
intima (Fig. 3F). In some of these vessels, there were red blood
cells in the wall, and thrombi in the lumen. These vascular
alterations seemed to be parallel to the extent of the glomerular
damage. Vascular changes were absent in rats of group II.
Two or three glomeruli from each rat were examined by
electron microscopy. Ultrastructural analysis of kidneys from
group Ill confirmed the presence of mesangial expansion and
evidenced focal effacement of foot processes, bleb formation in
the cytoplasm of epithelial cells and increase in the number of
cytoplasmic lysosomes and vacuoles. In some glomeruli, cap-
illary loops were occluded by thrombi (Fig. 4). In a similar
evaluation of kidneys from group II, no abnormalities were
observed.
Discussion
In 1981, Hostteter and coworkers [1], demonstrated that
subtotal renal ablation is followed by significant glomerular
structural alterations of previously healthy nephrons. The de-
velopment of these histological lesions correlated with the
presence of abnormal glomerular hemodynamics characterized
by elevated glomerular pressure and flow. Since then, several
experimental models have evaluated the role of hyperfiltration
in the progression of renal disease [3—6, 9, 10, 161. Although it
is clear that the combination of glomerular hypertension and
glomerular hyperperfusion is associated with significant mor-
phologic alterations, the specific role of each one of these
factors in favoring the development of renal damage is not
clear.
The results of the present study demonstrate that glomerular
hyperperfusion alone, that is, increased single nephron glomer-
ular blood flow and filtration rate, for up to 60 to 75 days was
not associated with any significant glomerular structural alter-
ation. In contrast, similar levels of single nephron blood flow
and filtration rate were associated with severe glomerular
damage when glomerular hypertension was superimposed in the
rats with renal ablation by clipping of one renal artery. Indeed.
increased glomerular pressure was associated with proteinuria,
and at the histological level, with mesangial proliferation and
mesangial expansion, microhemorrhages, microaneurysms, and
segmental sclerosis. These results are in accord with previous
studies in different models of experimental hypertension, like
DOCA salt [3], uninephrectomized SHR [41, and subtotal
nephrectomy [I] in which such hemodynamic changes were
associated with similar morphological alterations. However,
they further suggest that glomerular hypertension, rather than
hyperperfusion alone, plays a critical role in the development of
this form of glomerular damage.
Gbomerular capillary pressure and flow were significantly
increased in group Ill due to an abnormal response of intrarenal
vascular resistances. Indeed, in spite of significant differences
in systemic blood pressure between group II and III rats,
calculated renal resistances were similar in both groups. As a
consequence of this abnormal response of the afferent resis-
tance, gbomerular capillary pressure becomes highly dependent
upon systemic blood pressure, therefore systemic hypertension
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Fig. 3. Light micrograph of glomerular and vascular morphology from rats with renal ablation (a), and rats it'ith renal ablation and hypertension
(b—f). a. The glomerulus is enlarged with dilated capillary loops. No other alterations are seen (1 .tm thick epoxy-resin stained with l0T toluidine
blue, x384). b. Glomerular tuft with a segmental increase in cellularity (Hematoxylin eosin, x384). c. Capillary tuft with a microaneurysm occluded
by fibrin, platelets and other cellular elements (Hematoxylin eosin x 166). d. Glomerulus with extensive hemorrhage into the capillary tuft and
Bowman's space (Hematoxylin eosin x 160). e. The enlarged glomerular tuft shows an area of segmental sclerosis (Hematoxylin eosin X400). 1.
A small renal artery with the wall thickened apparently due to concentric hyperplasia of the intima (Hematoxylin eosin x394).
is associated with glomerular hypertension. This abnormal intraglomerular capillary hydrostatic pressure; however. de-
response of preglomerular vessels suggests the loss of an creased values of LpA could also participate in increasing it.
adequate autoregulatory response in this experimental model. Lower values of LpA have been a constant finding in previous
A similar situation has been found in uninephrectomized SHR studies in rats with hypertension induced by renal artery
rats [7] and rats with 85% renal ablation [1, 61. These findings stenosis [19—23]; our results confirm this observation. LpA values
emphasize the importance of systemic hypertension in the in hypertensive rats were almost 50% lower than normotensive
development and progression of renal damage in the presence controls. Such an inverse relationship between the transcapillary
of decreased renal mass. hydrostatic pressure gradient and LpA has been demonstrated in
Increased transmission of systemic blood pressure has been a comprehensive analysis of the determinants of glomerular filtra-
considered the main factor responsible for the elevation of tion [24] and more recently stressed in the two-kidney one-clip
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Fig. 4. Transmissionelectron micrograph of glomerular capillaries from a hypertensive-with-renal-ablation rat. The capillary lumina are occupied
by fibrin and platelets. The endothelial cell citoplasm is focally devoided of fenestrae (arrow). The epithelial cells show increases in the number
of lysosomes (arrowhead). Abbreviations are: Ep, visceral epithelial cells; End, endothelium; US, urinary space: CL, capillary lumen; F. tibrin:
F, platelet (Uranyl acetate and lead citrate, x3500).
Goldblatt hypertension model [19]. It is possible that the
decrease in LpA could represent an additional factor contrib-
uting to elevate glomerular capillary hydrostatic pressure.
Besides raising glomerular pressure and inducing structural
damage, systemic hypertension was associated with a marked
increase in glomerular volume. In this study, partial ablation of
the left kidney was associated with hypertrophy in both groups
of rats as evidenced by the increase in glomerular volume.
However, this effect was significantly greater when arterial
hypertension was present. Compared to normal unmanipulated
rats, glomerular volume was increased threefold in rats with
renal ablation, whereas in rats with hypertension with renal
ablation it rose fivefold. Yoshida and coworkers [25] have
recently stressed the role of glomerular hypertrophy in the
progression of renal damage; they have suggested that the
presence of hypertrophy is an underlying characteristic of
experimental models that develop progressive sclerosis. Our
study demonstrated that in spite of glomerular hyperperfusion
and a threefold increase in glomerular size present in group II
rats, light and electron transmission microscopic evaluation of
glomeruli were unable to disclose any structural alteration
besides dilatation of capillary loops. In contrast, the presence of
further hypertrophy and glomerular hypertension in group Ill
was associated with significant structural damage, suggesting
either the existence of a threshold of hypertrophy above which
morphological alterations develop or the fact that glomerular
hypertension is required in addition to hypertrophy in order to
induce glomerular damage.
Glomerular hypertension seems therefore to be a critical
factor for the development of glomerular damage. The intrinsic
mechanism whereby glomerutar hypertension induces damage
to the capillaries has not been defined, although mechanical
disruption of normal vascular integrity has been suggested as a
potential mechanism. According to the Laplace law, wall ten-
sion is determined by intraluminal pressure and the fourth
power value of the radius of the vessel. Changes in the radius of
the vessel will therefore have greater impact on wall tension
than actual changes in pressure. In our hypertensive rats.
glomerular capillary ioops appeared markedly dilated; such an
increase in the radius of the capillaries combined with higher
intraluminal pressure must have been associated with marked
elevation of wall tension and may represent a mechanism
leading to damage of both endothelial and epithetial cells, as
evidenced by the transmission electron microscopic studies.
The experimental observation that hyperfiltration can induce
glomerular structural changes has produced significant concern
regarding the progression of renal damage in patients with
decreased renal mass. This has led some investigators to
analyze the impact of decreasing nephron population after
kidney donation on long-term renal function [26.—28]. Results
from these studies indicate that renal function is well preserved
in most donors for up to two decades, however, a small
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percentage of subjects develop hypertension and proteinuria.
Based on the results of this experimental study, one could
propose that decreased renal mass in the absence of systemic
hypertension is not associated with significant renal damage. In
contrast, development of systemic hypertension represents a
major risk factor in these patients and should therefore, be
strictly controlled, in order to prevent glomerular damage in the
remaining nephrons.
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Appendix I. Abbreviations
mean arterial pressure
systemic arterial hematocrit
glomerular filtration rate
single nephron glomerular filtration rate
single nephron plasma flow
single nephron blood flow
glomerular capillary hydrostatic pressure
free flow pressure
glomerular hydrostatic pressure gradient
efferent arteriolar hydrostatic pressure
systemic arterial protein concentration
efferent arteriolar protein concentration
systemic arterial plasma oncotic pressure
efferent arteriolar oncotic pressure
single nephron filtration fraction
glomerular ultrafiltration coefficient
afferent arteriolar resistance
efferent arteriolar resistance
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MAP
Hct
GFR
SNGFR
SNPF
SNBF
GC
FF
SFP stop flow pressure
LP
HPE
CA
CE
irA
irE
SNFF
LpA
AR
ER
